The life expectancy for patients with cystic fibrosis has improved remarkably over the last 20 years. Progressive deterioration of pulmonary function continues despite the aggressive use of antimicrobials. The absence of fever, neutrophilia, and systemic symptoms suggest that during pulmonary exacerbations other non-bacterial factors may have played a part. Some have suggested respiratory viruses as main suspects. So far, few data have illustrated the relationship of respiratory viruses and cystic fibrosis. By gaining further knowledge of this relationship, one may change future clinical practice and boost the survival of these patients. 
C
ystic fibrosis is an autosomal recessive condition with a prevalence of one in 2500. It is a multisystem disorder that can affect the respiratory, gastrointestinal, liver, skin, and genitourinary system.
It has been over 60 years since the first description of the disease and has been 10 years since the localisation of the genetic defect to the long arm of chromosome 7. 1 The gene product is the 1480-amino acid and the cystic fibrosis transmembrane conductance regulator, a protein that normally regulates and participates in the transport of electrolytes across epithelial cell membranes and possibly also across intracellular membranes. 2 About 1000 mutations have been identified for this gene so far. The most common worldwide mutation is at the delta F508 position on chromosome 7. It also accounts for around 80% of mutations in the white British population. Identification of this gene mutation allows antenatal detection and provides scope for genetic counselling.
Life expectancy for patients with cystic fibrosis has increased dramatically over the last 40 years from a median of two years to a projected median survival of over 40 years of age. 3 The improved survival to date is mainly down to the improvement of cystic fibrosis management-that is, optimising nutritional status, chest physiotherapy, and specialist centre care. 4 Despite all these, progressive obstructive lung disease remains the major cause of death in children with cystic fibrosis. Once colonisation with Pseudomonas aeruginosa is established in the airways, progressive deterioration in lung function is observed. Even with the introduction of antibiotic treatment, the effect of slowing down the pulmonary damage is still limited. There is little information to define when P aeruginosa colonisation begins and the co-factors which precipitate in its adherence to the respiratory epithelium.
Airway injury after respiratory viral infections has been suggested to influence colonisation and progressive lung disease. 5 Therefore by preventing and understanding respiratory viral infections in cystic fibrosis, it may delay the development of pulmonary dysfunction and reduce the risk of P aeruginosa colonisation.
VIRUSES IN CYSTIC FIBROSIS
For many years, it has been the general opinion that respiratory viruses have been the cause of the "common cold" but are able to produce serious complications in infants, the elderly, and the immunocompromised. Studies of asthmatic children have demonstrated a significant increase in pulmonary symptoms at the time of respiratory viral infections. 6 The association between respiratory viruses and asthma has long been well described. [6] [7] [8] However, only a few prospective studies have reported the potential significance of respiratory viruses in cystic fibrosis. [9] [10] [11] [12] [13] [14] Some of these studies suggested that 40% of acute pulmonary exacerbations in cystic fibrosis are associated with respiratory viruses; these viruses also lead to pulmonary function abnormalities and disease progression. Armstrong et al showed that 52% of the infants with cystic fibrosis admitted to the hospital with respiratory symptoms were caused by respiratory viruses. 15 Thirty five percent of these hospitalised infants acquired P aeruginosa at follow up compared with 6% of those who were not hospitalised for respiratory symptoms. The author concluded that respiratory viral infections were associated with airway inflammatory changes, and admission to hospital was associated with early acquisition of P aeruginosa.
This evidence is further supported by Petersen et al who found seven of 116 patients with cystic fibrosis developed the onset of chronic P aeruginosa colonisation after viral infection. 10 Yet, these studies may have underestimated the importance of respiratory viruses in cystic fibrosis based on four reasons:
(1) The low detection rates by tissue culture and immunofluorescence techniques were disappointing. In most published studies all of the infections were diagnosed by serology. 10 11 13 (2) DNA based methods can identify up to 10 times more positive samples for some viruses. 16 (3) Most studies have been hampered by a limited use of control subjects, the lack of use of objective indicators, such as pulmonary function tests and chest radiographs to define pulmonary exacerbations.
(4) There is great difficulty in isolating viruses from tissue culture from cystic fibrosis patients, 10 11 which may be related to the thick mucoid secretion from their airways. This may further hinder detection by immunofluorescence. 
VIRUS DETECTION METHODS
The conventional methods of viral detection such as serology, immunofluorescence, and culture have low sensitivities. Rhinoviruses and coronaviruses account for 75% of upper respiratory infections. Since there are more than 100 serotypes of rhinoviruses, accurate diagnosis by such methods became impossible and unreliable. These conventional methods are also time consuming, they may take up to a week to yield positive viral cultures. Therefore this also makes them impractical in the clinical setting where accuracy and rapid detection are paramount.
Molecular based techniques such as polymerase chain reaction is five times more sensitive than tissue culture techniques. 17 Apart from accuracy, viral detection can also be made in a matter of hours rather than days. In addition, it can provide quantitative measure for viral load. It is particularly helpful in the case of rhinoviruses, which are notorious for their culture fastidiousness because of the great number of serotypes. Whereas in the past, there was no standard successful detection method for coronaviruses, they can now be easily detected by molecular techniques
INTERACTION BETWEEN BACTERIA AND RESPIRATORY VIRUSES
Several studies have suggested that respiratory viral infections predispose to secondary bacterial infections and colonisation. 15 18 Collinson et al showed that 10 of the 12 cystic fibrosis children with positive sputum bacterial culture also had positive viral detection from nasopharyngeal specimens. 18 The viruses were detected by the polymerase chain reaction. Yet the exact relationship between respiratory viruses and bacterial colonisation in cystic fibrosis individuals is unclear. Some have suggested that respiratory viral infections cause injury to respiratory epithelium, which in turn leads to increased adherence of pharyngeal cells to bacterial infections such as Staphylococcus aureus, Haemophilus influenzae, Streptococcus pneumonia, and P aeruginosa. 19 20 When Armstrong et al examined the bronchiolar lavage fluid from cystic fibrosis patients with clear evidence of viral infection, they found that there were increased interleukin-8 levels and elastase activity compared with control subjects. 21 This increased elastase activity was further shown to increase pseudomonas adherence to tracheal cells. 22 Przyklenk et al recruited 75 cystic fibrosis patients with a mean age of 15 years and showed that 93% of them with positive serological conversion to respiratory viruses had a threefold increase in bacterial colony forming units per millimetre of sputum. 23 Seventy eight percent of them also had evidence of pulmonary deterioration. The authors therefore concluded that there was a strong "microbial synergism" between the bacterial flora of the sputum and infection with respiratory viruses.
TREATMENT FOR RESPIRATORY VIRAL INFECTION
Vaccines offer the possibility of decreasing the severity and complications of viral respiratory disease. However, the success of vaccination has been limited by significant variation within the major virus types causing disease.
There are 102 serotypes of rhinovirus and no effective vaccine has been introduced. Influenza viruses exhibit antigenic shift and drift. The development of a safe and effective vaccine against respiratory syncytial virus (RSV) remains an important challenge because of the major setback in the 1960s, when formalin-inactivated whole RSV vaccine caused 80% of vaccinees to become hospitalised, compared with 5% of controls. 24 Two deaths were observed among RSV vaccinees as a result of disease augmentation. Current major research work has been focusing on prophylaxis using a humanised mouse monoclonal antibody, palivizumab. It has been proved to be safe and effective and gained approval by the United States Food and Drug Administration in 1998. However, it requires monthly administration during the RSV season and its benefits in cystic fibrosis are currently being evaluated.
In man, natural infection with RSV causes mild respiratory symptoms and is generally self limiting. But the natural immunity against it is short lived and reinfections with serologically similar strains are frequent throughout life. Anti-RSV vaccine would therefore have to induce a "better-than-life" immunity and offers good protection for the duration of the winter season.
The other approach to deal with respiratory viral infections is by the use of specific antiviral drugs, but this requires rapid accurate diagnosis, where molecular viral detection methods are once again so important.
Specific viral agents do exist for influenza viruses such as amantidine, rimantidine, and more recently developed neuraminidase inhibitors such as zanamivir and oseltamivir. Their use, however, is restricted to adults. Wright et al attempted to evaluate the safety of amantidine in children with cystic fibrosis who had respiratory viral infections. 25 Unfortunately, influenza virus infection did not reach epidemic proportions during the study period, therefore the effectiveness of amantidine could not be fully assessed.
Nebulised ribavarin is licensed for the use of hospitalised infants and children in the first three days of RSV bronchiolitis. It is a nucleotide analogue, active against RSV in vitro; however, it is expensive and of no proved clinical benefit.
As mentioned previously, rhinovirus is a major cause of "common colds" in young children. The development of drug therapy against rhinovirus poses the greatest challenge. Picovir is a capsid binding/canyon inhibitor which blocks the binding of rhinoviruses to the host cell receptor. It is very potent, but its clinical usefulness is often limited by serotype specificity and the rapid emergence of resistance.
CONCLUSION
Respiratory viruses have been implicated in pulmonary exacerbations of cystic fibrosis and cause long term pulmonary damage in these patients. However, the current data available are by no means comprehensive and further evaluations of the role of respiratory viruses in the cystic fibrosis populations are required.
With prior knowledge of the impact of respiratory viruses in the exacerbation of cystic fibrosis, routine screening of respiratory viruses during pulmonary exacerbations should be implemented in clinical practice. This assessment should include obtaining specimens from the respiratory tract and using molecular viral detection methods to reach a rapid diagnosis. The identification of respiratory viruses may subsequently alter our clinical practice. The patient can be isolated appropriately, and this can also remove the undesirable side effects of antimicrobials, 26 especially if they are being prescribed unnecessarily.
If respiratory viruses do induce reactive airway obstruction, the current practice of prescribing bronchodilator therapy would be appropriate. If, on the other hand, the principal mechanism of viral-induced injury is found to be through synergistic interaction with bacteria, the current practice of antimicrobial therapy would remain appropriate.
The role of antiviral therapy will need further evaluation with well designed randomised control trials. Whereas for vaccination, further understanding of the complex viral immune response will aid us to develop safe and multivalent vaccines which offer good protection against a spectrum of respiratory viruses.
Without a doubt, bacterial pathogens are still main causes of pulmonary exacerbations in cystic fibrosis and aggressive antimicrobial therapy is one of the important reasons for the dramatic increase in life expectancy over the last few decades. 27 28 In fact prophylactic antibiotics are advocated by some groups, started at the time of diagnosis. But recent studies also suggested that continuous prophylactic treatment with antistaphylococcus may increase the risk of early colonisation with pseudomonas. One would wonder if antimicrobials are being over prescribed. With gene therapy still undergoing further research with regards to its validity and specificity, gaining further understanding in the molecular mechanism of virus induced respiratory exacerbations may allow the development of new therapeutic techniques. At the same time we must bear in mind the disappointing results of antivirals. The development of new strategies will be exciting and this may further prolong the lifespan of patients with cystic fibrosis and more importantly improve their quality of life.
